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Description 

Technical Field of The Invention 

5 [0001 ] This invention relates to a novel formulation for fat-soluble drugs selected from tocotrienols, tocopherols, vitamin 
A, D and p-carotene which self-emulsify in the presence of an aqueous medium with little agitation. More specifically, 
the invention is concerned with the formulation of a new dosage form for these fat-soluble drugs in the form of a soft-gelatin 
capsule which forms emulsion instantly when the contents are released and mixed with our gastrointestinal fluid. Since 
emulsions are known to increase absorption of fat-soluble drugs, the dosage form thus provides higher and more 

to consistent drug absorption. The success of the invention lies in its ability to self-emulsify in the gastrointestinal tract and 
comprised a suitable mixture of the drug with an appropriate oil and an appropriate surfactant system 

Background of The Invention 

15 [0002] Fat-soluble drugs such as tocotrienols and tocopherols are absorbed in the same pathway as other nonpolar 
lipids such as triglycerides and cholesterol (Kayden and Traber, 1993, J. Lipid Res., 34:343-358). Liver produces bile 
to emulsify the tocopherols incorporating them into micelles along with other fat-soluble compounds to facilitate absorp- 
tion. Therefore, dietary fat, which promotes production of lipases and bile, is essential for absorption of vitamin E. 
However, if dietary fat is insufficient to stimulate adequate bile secretion, or bile secretion is affected by some pathological 

20 conditions such as biliary obstruction, then absorption of the fat-soluble drugs will be erratic and low. Also, it is known 
that absorption of fat-soluble drugs tend to be erratic and low when taken fasted or on an empty stomach. 
[0003] Emulsions have been known to improve absorption of oil soluble drugs. However, conventional emulsions are 
not a preferred dosage form since they are bulky, have shorter shelf life due to stability problem and are less palatable. 
In recent years, there is a great interest in self-emulsifying drug delivery systems (SEDDS) due to the many advantages 

25 offered by these kind of systems which include enhanced bioavailability, improved reproducibility of plasma profiles and 
reduced inter- and intra-subject variability. SEDDS are formulated in the absence of water by mixing oil with one or more 
suitable non-ionic surfactants. Drugs, which have adequate solubility in the oil/surfactant blend, can be incorporated into 
the systems. Upon dilution or in vivo administration they form fine oil in water emulsions spontaneously with gentle 
agitation. 

30 [0004] An improved bioavailability of vitamin E in a self-emulsifying formulation was obtained by using a surfactant 
system of Span 80 and Tween 80 (Julianto et al, Int. J. Pharm, 200, (2000)53-57). 

[0005] I n the present studies it is discovered that the bioavailability of 5-, y- and oc-tocotrienols in palm olein and soybean 
oil mixtures were approximately 2.7, 2.8, 1 .9 times and 2.2, 2.1,1.6 times that of tocotrienols in medium chain triglyceride 
mixtures in rats respectively. This could be attributed to the long chain fatty acid of palm olein and soybean oil, which 

35 promote the absorption of tocotrienols into the lymph. A number of studies (Sieber et al, 1 974, Xenobiotica 4, 265-284 
and Palin et al, 1984, J. Pharm. Pharmacol. 36, 641-643) have shown that long chain fatty acids (>C14) (which are 
present in the palm oil and soybean oil), tend to increase absorption of oil soluble drug through the lymphatic system. 
[0006] The present studies led to the discovery of a novel formulation by suitably blending palm olein or soybean oil 
with an appropriate surfactant mixture of Labrasol (caprylocaproyl macrogolglycerides) and Tween 80. The Labrasol to 

^o Tween 80 ratio was between 9:1 and 7:3. The above system could self-emulsify easily in water with gentle agitation 
(such as movement of stomach/small intestine). Therefore, the formulation need not be prepared like a usual emulsion, 
which is bulky and not palatable. Instead, the mixture is filled in a soft gelatin capsule. In stomach, the capsule wall 
dissolves and disintegrates and releases the contents, which will readily form an emulsion. Emulsions will give a bigger 
surface area for absorption and subsequently increased the absorption of fat-soluble drugs like tocotrienols. It was also 

45 demonstrated that the self-emulsifying system comprising the palm olein or soybean oil blended with the surfactant 
mixture could self-emulsify readily with water, when incorporated with fat soluble drugs selected from tocotrienols, 
tocopherols, vitamin A, vitamin D and p-carotene. In addition, the novel formulation could increase the absorption of 5-, 
y- and oc-tocotrienols by approximately 2 to 3 times that of the normal conventional soft gelatin capsule formulation when 
evaluated using twelve healthy human volunteers. The ratio of the surfactants to the oil and drug mixture was also 

so demonstrated to be very important for enhanced drug absorption. For example, it was demonstrated that equal proportions 
of surfactant to the drug and oil mixture gave poor absorption whereas one part of surfactants to five parts of drug and 
oil mixture produced not only good self-emulsifying properties but also optionally enhanced drug absorption. 
[0007] In conclusion, the studies had optimized three important formulation variables to achieve a superior product 
with enhanced bioavailability/absorption, namely 

55 

(i) use of palm olein and soybean oil as the vehicle for fat-soluble drugs like tocotrienols, which help to enhance 
absorption; 

(ii) addition of a suitable combination of Labrasol and Tween 80 into the drug/oil mixture to promote self-emulsification 
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and thus help to further increase the absorption of tocotrienols; and 

(iii) a suitable combination of surfactant system (Labrasol and Tween 80) with the oil/drug mixture to optimize drug 
absorption. 

5 Summary of The Invention 

[0008] Accordingly, it is the object of the present invention to provide a novel formulation for fat-soluble drugs that can 
self-emulsify in aqueous medium with little agitation. 
[0009] This objective is accomplished by providing, 
10 [0010] A pharmaceutical formulation for oral administration which comprises: 

(i) a fat-soluble drug selected from tocotrienols, tocophenols, vitamins A, D or K and p-carotene; 

(ii) an oil selected from palm olein and soybean oil; and 

(iii) a surfactant system being a combination of caprylocaproyl macrogolglycerides and polyoxyethylene 20 sorbitan 
is monooleate, wherein the weight ratio of said first component to said second component is between 9 : 1 and 7:3. 

the resulting formulation forming an emulsion in the presence of an aqueous medium. 

[001 1 ] According to the present invention, there is provided a new formulation of tocotrienols, in which the tocotrienols 
are incorporated into a palm olein-surfactant system to form a self-emulsifying system. This formulation is made into 
20 soft gelatin capsule and in stomach, the contents are released, resulting in the formation of emulsion and therefore 
increased absorption. 

[0012] The formulation of tocotrienols in the present invention has an improved bioavailability when compared with 
the conventional preparation. 

25 Detailed Description of The Invention 

[0013] Tocotrienols, as Tocomin® 50%, contains a minimum of 50.0% of phyto-tocotrienol/tocopherol complex, was 
obtained commercially from Carotech (Ipoh, Malaysia). 

[001 4] In the first part of the study, three different oil vehicles were compared concerning the influence of the different 
30 oils on the absorption of tocotrienols. The oil vehicles studied were as follows: 

(i) palm olein (triglycerides of palmitic acid 46.5%, oleic acid 37.1 % and linoleic acid 9.9%); 

(ii) soybean oil (glycerides of linoleic acid 50-57%; linolenic acid 5-10%, oleic acid 17-26%; palmitic acid 9-13% and 
stearic acid 3-6%); and 

35 (jjj) trycaprylin (not less than 95% are triglycerides of the saturated fatty acids octanoic (caprylic) acid and decanoic 

(capric) acid. 

[001 5] 1 0% of Tocomin® 50% were then dissolved in these three oil vehicles and the same dose level (1 0 mg) were 
given to 9 rats in a 3 period, 3 sequence crossover study. The nine rats were randomly divided into 3 groups of 3 in 
40 each, and administered the preparations according to the schedule shown below: 



Group 


Period 


I 


II 


III 


1 


Palm olein 


Soybean oil 


Tricaprylin 


2 


Tricaprylin 


Palm olein 


Soybean oil 


3 


Soybean oil 


Tricaprylin 


Palm olein 



50 

[001 6] The animals were fasted for 1 2-hr prior to, and for a 1 2-hr period subsequent to, the initiation of the absorption 
experiments. However, they were allowed free access to water throughout the experiment. The animals were subse- 
quently placed in restraining cages, and approximately 0.5 ml blood samples were collected from the tail vein into 
heparinized tubes at 1 , 2, 3, 4, 6, 8 and 12 hr, post-administration. The blood samples were then centrifuged for 10min 
55 at 12800G, and 0.2-0. 3ml aliquot of plasma obtained was transferred into a new Eppendorf tube. All plasma samples 
were immediately frozen at -20 °C until analysis. 

[0017] Plasma a-, 5- and y-tocotrienols were determined by high-performance liquid chromatography (HPLC) using 
a method reported by Yap et al, 1999, (Journal of Chromatography B, 735:279-283) with slight modification. 
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[0018] The mean plasma concentration versus time profiles of a-, 5- and y-tocotrienols obtained with Tocomin® 50% 
in three oil bases, namely palm olein, soybean oil and medium chain triglyceride are shown in Figure 1a, 1b and 1c. It 
was apparent from the plots and the results that the absorption of a-, 5- and y-tocotrienols from Tocomin® 50% in palm 
olein were the highest follow by Tocomin®50% in soybean oil and Tocomin® 50% in Tricaprylin gave the lowest ab- 
5 sorption. The difference in bioavailability of the three homologues of tocotrienols for the different oil vehicles was statis- 
tically significant. 

[0019] From the 90% confidence interval for the ratio of the logarithmic transformed AUCg.^, values, it appeared that 
Tocomin® 50% in palm olein and soybean oil achieved a higher extent of absorption compared to Tricaprylin, which 
was about 2.7 times, 2.8 times 1 .9 times and 2.2, 2.1,1.6 that of Tocomin® 50% in Tricaprylin for 5-, y- and oc-tocotrienols. 
10 Thus, in this part of the study, it is clearly shown that palm olein and soybean oil as a vehicle for tocotrienols can increase 
their absorption significantly. 

[0020] In the second part of the study, different surfactant systems at various ratio were tried out to get a self emulsifying 
drug delivery system (SEDDS). The aim of this part of the study is to incorporate tocotrienols into a suitable surfactant 
system that will cause the preparation (tocotrienols in oil vehicles) to self-emulsify/form an emulsion easily with gentle 
15 agitation, such as movement of the stomach/intestine. Different types of SEDDS which were tried out include the following 
system: 

(i) Tween 85 - Medium chain triglycerides (MCT) 

(ii) Tween 80 - Span 80 - Palm olein 

20 (jjj) Labrasol - Tween 80 - Palm olein/Soybean oil 

[0021] SEDDS are formulated in the absence of water by mixing oil with a non-ionic surfactant, a lipid base and a lipid 
soluble drug, in this case tocotrienols to form an isotropic oily solution. Upon dilution with water or in vivo administration, 
they formed fine oil in water emulsions. Labrasol-Tween 80-Palm olein/Soybean oil was found to be the best system 
25 due to the following reason: 

(i) it can incorporate a bigger amount of tocotrienols without compensating the emulsification properties compared 
to the other two systems; 

(ii) from the first part of the study, it was found that the absorption of tocotrienols from medium chain triglycerides 
30 was less than that of palm olein. Thus, the usage a Tween 85-medium chain triglycerides was not desirable; and 

(iii) between Tween 80-Span 80-Palm olein and Labrasol-Tween 80-Palm olein, the latter has a faster rate of 
emulsification and stability. 

[0022] In accord with the present invention, the final master formulation is as follows: 

35 



Ingredients 


Weight per capsule (mg) 


Tocomin® 50% 


148.66 


Palm olein / soybean oil 


351.34 


Labrasol 


87.00 


Tween 80 


13.00 


Total weight 


600.00 



45 

[0023] The range of the oil to surfactant ratio were ± 10% of the final formula. The ratio of the oil to surfactant was 
kept at 5 to 1 to avoid solubilization. Above the critical micellar concentration of a surfactant system, micellar complexation 
of tocotrienols might occur. It has been known that absorption of a drug incorporated in the micelle is negligible. Since 
the drug in the micellar phase is unavailable for absorption, the effective concentration of the drug is less than the 
50 apparent concentration, and a decreased absorption rate is observed (Gibaldi and Feldman, 1970, J. Pharm. Sci., 59: 
579-589). 

[0024] Tocomin® 50% is mixed with palm olein and Labrasol is mixed with Tween 80 until homogenus. The mixing 
of the surfactant mixtures and the oil mixtures follows this. The final mixture was mixed until homogenous before filling 
it in soft gelatin capsules. 

55 [0025] In the third part, a comparative in vivo bioavailability study was conducted to investigate the bioavailability of 
tocotrienols in the novel formulation with that of the conventional preparation at the dosage level of 200 mg tocotrienols. 
The novel formulation comprised Tocotrienols, Palm olein, Labrasol and Tween 80 at the ratio stated above in the master 
formula. The normal conventional preparation comprised tocotrienols and soybean oil. Both products are in the form of 
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soft gelatin capsule. 

[0026] Twelve (12) healthy adult male volunteers participated in a standard 2 period, 2-sequence crossover study 
after providing written informed consent. The volunteers were randomly divided into 2 groups of 6 each, and administered 
the preparations according to the schedule shown below: 



Group 


Period 


I 


II 


1 


Conventional formulation 


Novel formulation(X) 


2 


Novel formulation(X) 


Conventional formulation 



[0027] On the first trial period, each volunteer in group 1 was given 4 capsules of conventional formulation (Y), while 
those of group 2, 4 capsules of novel formulation (X) containing an equivalent dose of tocotrienols. After a washout 
period of one week, each volunteer then received the alternate product. All products were administered in the morning 
(1 0:00 am) after an overnight fast with 240 ml of water. Food and drinks were withheld for at least 4 hours after dosing 
and plain water was given ad. libitum. Lunch and dinner comprising chicken with rice were served at 4 hours and 10 
hours after dosing. Blood samples of 5-ml volume were collected in vacutainers (containing sodium heparin as antico- 
agulant) at 0 (before dosing), 1,2,3, 4, 5, 6, 7, 8,10,12,14,1 8, 24 hours after dosing via an in-dwelling cannula placed 
in the forearm. The blood samples were centrifuged for 15 min at 2000 G and the plasma transferred to separate glass 
containers to be kept frozen until analysis. 

[0028] The protocol for the study was approved by a joint School of Pharmaceutical Sciences, USM-General Hospital 
Penang Committee on Bioavailability Studies. Volunteers were given information of the drug and nature of the study in 
advance of the trial. 

[0029] Plasma levels of a-, y- and 8-tocotrienols were analysed using a reversed-phase high performance liquid 
chromatography method reported by Yap et al (1999, Journal of Chromatography B, 735: 279-283). 
[0030] The mean plasma 5-, y- and oc-tocotrienols concentration versus time profiles of the conventional preparation 
and the novel formulation are shown in Figure 2a, 2b and 2c. It is apparent from the plots that the profiles of the novel 
formulation were markedly higher than those of the conventional preparation for the three homologues of tocotrienols. 
Also, absorption from the novel formulation appeared to commence earlier than the conventional preparation. In addition, 
8- and y-tocotrienols were not detected in a number of individuals given the conventional preparation (3 subjects for 
5-tocotrienol and 1 subject for y-tocotrienol). In comparison, both tocotrienols were detectable in all subjects give the 
novel formulation, indicating better absorption from this formulation. 

[0031] There was a statistically significant difference between the logarithmic transformed AUC 0-oc (p < 0.01), as well 
as the logarithmic transformed C max (p < 0.01) values for all the homologues of the two preparations. 
[0032] In addition, from the 90% confidence interval for the ratio of the logarithmic transformed AUCq.^ values, it was 
estimated that the average extent of the novel formulation (X) was 2.6, 2.9 and 3.0 times that of the conventional 
preparation (Y) for 5-, y- and cc-tocotrienols respectively. In the case of the parameter T max , the novel formulation has 
smaller numerical values compared to the conventional preparation suggesting that the former had a more rapid onset/ 
rate of drug absorption. There was a statistically significant difference between the T max values of the two preparations 
(p < 0.05). 

[0033] Based on the results of the above studies, it is concluded that the novel formulation achieved a marked increase 
in the extent of absorption of tocotrienols compared to the conventional preparation. Additionally, the novel formulation 
also showed a more rapid onset or rate of absorption. 

Claims 

1. A pharmaceutical self-emulsifying drug delivery system formulation, self-emulsifying under gentle agitation in the 
presence of an aqueous medium, for oral administration, said composition comprising: 

(i) a fat-soluble drug selected from the group consisting of tocotrienols, tocopherols, vitamins A, D or K and 
3-carotene; 

(ii) an oil selected from the group consisting of palm olein and soybean oil; and 

(iii) a surfactant system being a combination of caprylocaproyl macrogolglycerides and polyoxyethylene 20 
sorbitan monooleate, wherein the weight ratio of said first component to said second component is between 9 : 
1 and 7 : 3. 
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2. The formulation of claim 1 , wherein the weight ratio of the oil to surfactant system is 5/1 . 

3. The formulation of claim 1 , wherein said formulation self-emulsifies in the gastrointestinal tract. 

4. The formulation of claim 1 , wherein said formulation is in the form of a soft gelatine capsule. 

5. The formulation of claim 1 , wherein the fat soluble drug is tocotrienol. 

6. A method for the preparation of a formulation according to claim 1 comprising steps of: 

(a) mixing said fat-soluble drug with said oil; and 

(b) adding the mixture obtained in (a) to said surfactant system. 



Patentanspruche 

1. Pharmazeutische selbstemulgierende Wirkstoffabgabesystemzubereitung, die bei leichtem Ruhren in Gegenwart 
eines wassrigen Mediums selbstemulgierend ist, zur oralen Verabreichung, wobei die Zubereitung Folgendes um- 
fasst: 

(i) einen fettloslichen Wirkstoff, der aus der Gruppe ausgewahlt ist, die aus Tocotrienolen, Tocopherolen, den 
Vitaminen A, D oder K und ^-Carotin besteht; 

(ii) ein Ol, das aus der Gruppe ausgewahlt ist, die aus Palmolein und Sojaol besteht; und 

(iii) ein Tensidsystem, bei dem es sich um eine Kombination von Caprylocaproylmakrogolglyceriden und Poly- 
oxyethylen-20-sorbitan-monooleat handelt, wobei das Gewichtsverhaltnis der ersten Komponente zu der zwei- 
ten Komponente zwischen 9:1 und 7:3 liegt. 

2. Zubereitung gemaG Anspruch 1 , wobei das Gewichtsverhaltnis von 6l zu Tensidsystem 5/1 betragt. 

3. Zubereitung gemaG Anspruch 1 , wobei die Zubereitung im Magen-DarmTrakt selbstemulgiert. 

4. Zubereitung gemaG Anspruch 1 , wobei die Zubereitung in Form einer Weichgelatinekapsel vorliegt. 

5. Zubereitung gemaG Anspruch 1, wobei es sich bei dem fettloslichen Wirkstoff um Tocotrienol handelt. 

6. Verfahren zur Herstellung einer Zubereitung gemaG Anspruch 1 , das die folgenden Schritte umfasst: 

(a) Mischen des fettloslichen Wirkstoffs mit dem Ol; und 

(b) Hinzufugen des in (a) erhaltenen Gemischs zu dem Tensidsystem. 



Revendications 

1. Formulation pharmaceutique de systeme auto-emulsifiant d'administration de medicament, qui s'emulsifie d'elle- 
meme quand on I'agite doucement en presence d'un milieu aqueux et qui est concue pour etre administree par voie 
orale, laquelle formulation comprend : 

i) un medicament liposoluble choisi dans I'ensemble forme par les tocotrienols, les tocopherols, les vitamines 
A, D et K et le p-carotene, 

ii) une huile choisie dans I'ensemble forme par I'oleine de palme et I'huile de soja, 

iii) et un systeme tensio-actif qui est une combinaison de caprylocaproyl-macrogol-glycerides et de monooleate 
de sorbitanne poly(20)ethoxyle, ou le rapport ponderal du premier composant au deuxieme vaut de 9/1 a 7/3. 

2. Formulation conforme a la revendication 1 , dans laquelle le rapport ponderal de I'huile au systeme tensio-actif vaut 
5/1. 

3. Formulation conforme a la revendication 1 , laquelle formulation s'emulsifie d'elle-meme dans le tractus gastroin- 
testinal. 
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Formulation conforme a la revendication 1 , laquelle formulation se presente sous la forme d'une capsule molle de 
gelatine. 

Formulation conforme a la revendication 1, dans laquelle le medicament liposoluble est un tocotrienol. 
Procede de preparation d'une formulation conforme a la revendication 1 , qui comporte les etapes suivantes : 

a) melanger ledit medicament liposoluble avec ladite huile ; 

b) et ajouter le melange issu de I'etape (a) audit systeme tensio-actif. 
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